vascular smooth muscle until 2 wk postnatal when they are replaced by AT 1 . Thus, the mechanisms whereby ANG II increases MAP after birth are unclear. We examined the effects of ANG II on femoral vascular resistance (FmVR) and blood flow (FmBF) in serial studies of newborn sheep (n ϭ 7) at 7-14 d, 15-21 d, and 22-35 d. Animals had femoral catheters implanted for systemic ANG II infusions and cardiovascular monitoring, and a flow probe was implanted on the contralateral artery proximal to the superficial saphenous artery, which contained a catheter for intra-arterial ANG II infusions. Studies were performed using a range of systemic and intra-arterial ANG II doses. Systemic ANG II increased MAP dose-dependently at all ages (p Ͻ 0.001); however, responses were not age dependent. FmBF rose dose dependently at 7-14 d (p Ͻ 0.001) and was unchanged at older ages. The transition from fetal to newborn life is associated with numerous hemodynamic changes, including alterations in HR, blood pressure, PVR, and the distribution of cardiac output (1-4). The autonomic nervous system and the reninangiotensin system (RAS) are considered important modulators of the cardiovascular changes in the perinatal period. This is supported by evidence of increased circulating levels of catecholamines and ANG II during and after parturition (1, 4 -6). ANG II is the predominant vasoactive agent associated with the RAS and is believed to be an important regulator of blood pressure in fetal, neonatal, and adult sheep (7-9). The effects of ANG II on blood pressure may reflect its direct action on VSM through increases in PVR or on cardiac output by increasing venous return or HR (4, 10 -13). Indirect effects on VSM also may occur through activation of central autonomic nervous system activity or the release of other vasoactive mediators (11, 14 -16).
Angiotensin II (ANG II) increases blood pressure (MAP) via specific ANG II receptors (AT) and is considered important in regulating MAP after birth. In adult animals, AT 1 receptors predominate in vascular smooth muscle (VSM) and mediate vasoconstriction. In newborn sheep, AT 2 receptors, which do not mediate vasoconstriction, predominate in vascular smooth muscle until 2 wk postnatal when they are replaced by AT 1 . Thus, the mechanisms whereby ANG II increases MAP after birth are unclear. We examined the effects of ANG II on femoral vascular resistance (FmVR) and blood flow (FmBF) in serial studies of newborn sheep (n ϭ 7) at 7-14 d, 15-21 d, and 22-35 d. Animals had femoral catheters implanted for systemic ANG II infusions and cardiovascular monitoring, and a flow probe was implanted on the contralateral artery proximal to the superficial saphenous artery, which contained a catheter for intra-arterial ANG II infusions. Studies were performed using a range of systemic and intra-arterial ANG II doses. Systemic ANG II increased MAP dose-dependently at all ages (p Ͻ 0.001); however, responses were not age dependent. FmBF rose dose dependently at 7-14 d (p Ͻ 0.001) and was unchanged at older ages. FmVR was unaffected at [7] [8] [9] [10] [11] [12] [13] [14] The transition from fetal to newborn life is associated with numerous hemodynamic changes, including alterations in HR, blood pressure, PVR, and the distribution of cardiac output (1) (2) (3) (4) . The autonomic nervous system and the reninangiotensin system (RAS) are considered important modulators of the cardiovascular changes in the perinatal period. This is supported by evidence of increased circulating levels of catecholamines and ANG II during and after parturition (1, 4 -6) . ANG II is the predominant vasoactive agent associated with the RAS and is believed to be an important regulator of blood pressure in fetal, neonatal, and adult sheep (7) (8) (9) . The effects of ANG II on blood pressure may reflect its direct action on VSM through increases in PVR or on cardiac output by increasing venous return or HR (4, 10 -13) . Indirect effects on VSM also may occur through activation of central autonomic nervous system activity or the release of other vasoactive mediators (11, 14 -16) .
ANG II mediates its actions by binding to specific AT. At least two AT subtypes have been identified, AT 1 and AT 2 , and their expression is developmentally regulated (17) (18) (19) . In the adult, the AT 1 is the primary subtype expressed in most tissues, including VSM, and accounts for most biologic actions of ANG II (20, 21) . However, AT 2 are found in selective adult tissues, e.g. adrenal, myometrium, and uterine arteries from pregnant and nonpregnant women and sheep (9, 21-23). Ex-cept for umbilical VSM, it is the primary subtype expressed in systemic artery VSM of near-term fetal sheep and up to 2 wk postnatal, after which there is a transition from AT 2 to AT 1 predominance that is complete by 3 mo postnatal (18) . Activation of AT 1 occurs via G-protein coupling, which results in phosphoinositol-phospholipase C activation, calcium mobilization, and VSM contraction. AT 2 activation does not result in any of the above, including VSM contraction (20) . Although AT 2 may oppose AT 1 mediated responses, the function of AT 2 is incompletely understood (19, 24, 25) .
Because AT 2 appear to predominate in fetal and early postnatal ovine VSM, it is unclear how ANG II modulates blood pressure. Kaiser et al. (26) reported that although AT 2 appear to predominate in femoral VSM in term fetal sheep systemic ANG II infusions increased FmVR. However, these responses were proportionate to and parallel with the rise in mean arterial pressure (MAP), suggesting peripheral autoregulation and/or local myogenic responses (27) . In contrast, increases in umbilical vascular resistance exceeded increases in MAP, demonstrating a direct vasoconstrictor effect consistent with predominate AT 1 expression (18, 19) that was inhibited by local infusion of losartan, an AT 1 -specific antagonist. Thus, responses in these two vascular beds to i.v. ANG II were believed to reflect the differences in AT subtype expression. In adult sheep, which express AT 1 in nearly all VSM (21), systemic ANG II increases MAP (13) , and local intra-arterial ANG II infusions increase hindlimb vascular resistance (10) , suggesting that the rise in MAP results from a direct peripheral vasoconstrictor effect and responses in the hindlimb might mirror responses in other vascular beds. In newborn sheep, systemic ANG II infusions also increase systemic vascular resistance and MAP (28 -30) . However, because AT 2 receptors appear to predominate in VSM after birth and do not mediate VSM contraction (18, 20) , the mechanisms whereby ANG II modulates neonatal MAP and PVR in the first month postnatal are unclear.
In view of the discrepancy between AT subtype expression in neonatal VSM and the pressor responses to i.v. or systemic ANG II infusions, we examined the mechanisms of ANG II-mediated vasoconstriction and increases in MAP by comparing the effects of local intra-arterial and i.v. ANG II infusions on PVR in conscious neonatal sheep, represented by the hindlimb vascular bed. This approach would potentially separate direct and indirect ANG II-mediated responses in the hindlimb of newborn sheep.
METHODS
Animal preparation. Seven newborn sheep were studied between 7 and 35 d postnatal. Surgery was performed at 3-5 d of life. Preoperatively, each animal received s.c. atropine (0.088 mg/kg) followed by i.v. sodium pentobarbital (7.5-10 mg/kg) and 1% ketamine hydrochloride (1-2 mg/kg) via a percutaneous jugular catheter. During surgery, 1% ketamine hydrochloride (1 mg/kg) was given i.v. to maintain deep anesthesia. Through an inguinal incision in one hindlimb, the femoral artery and vein were identified and dissected. Two polyvinyl catheters containing heparinized saline (250 units/ mL) were implanted 12.5 cm and 7.5 cm in the femoral artery for cardiovascular monitoring and blood sampling, respectively. A femoral venous catheter was placed 15 cm so that the tip was above the bifurcation of the inferior vena cava and was used for administration of systemic infusions of ANG II. An inguinal incision was made in the contralateral hindlimb, and the femoral artery was dissected; a 3.0 -4.0 mm electromagnetic flow probe (Carolina Medical, King, NC, U.S.A.) was implanted proximal to the branching of the superficial saphenous artery to continuously measure FmBF. A polyethylene catheter (PE 50) filled with heparinized saline (250 units/mL) was then inserted into the superficial saphenous artery with the tip lying at the junction with the femoral artery for intra-arterial ANG II infusions. The catheters were flushed with heparinized saline (250 units/mL) and closed with metal pins. The flow probe leads and catheters were brought out to the flank through a s.c. tunnel and placed in a canvas pouch attached to the skin with sterile steel pins. The skin incisions were closed in one layer with surgical staples. During surgery, the animals were infused with 10% dextrose and isotonic saline at 20 mL/kg⅐hr to prevent hypoglycemia and hypovolemia. All animals received i.v. banamine (0.1 mL; Schering-Plough Animal Health, Union, NJ, U.S.A.) for pain and intramuscular penicillin (60,000 units) and gentamicin (7.5 mg) for prophylaxis after surgery and on the first two postoperative days. Immediately after surgery, animals were infused with 70 mL/kg of 5% dextrose and isotonic saline over 4 h and were maintained under a heated warmer until they had fully recovered from the anesthesia. After recovery, animals were returned to their mothers for feeding, but were removed the first night and kept in a postoperative recovery facility within the Animal Resources Center for close monitoring and bottle feeding. Subsequently, each animal was kept with its mother except during the time of an experiment. Catheters were flushed daily with sterile heparinized saline (250 units/mL) to maintain patency. All animals received intramuscular penicillin (60,000 units) and gentamicin (7.5 mg) at the completion of each study for prophylaxis.
Experimental protocols. Experiments were performed only after the animals were considered to have recovered from surgery and anesthesia and were eating and gaining weight; no animal was studied before the fourth day postoperative. All studies were performed with the animals in a sling, and only after a 30 -40 min period demonstrating stable hemodynamic parameters and arterial blood gases. The experiments were divided into two parts to assess cardiovascular responses to systemic and local intra-arterial infusions of ANG II. Protocol 1. Systemic infusions. Four doses of ANG II (0.038, 0.076, 0.19, 0.38 g/kg⅐min; angiotensin amide, Sigma Chemical, St. Louis, MO, U.S.A.) that had previously been studied in our laboratory (26, 31) were used in the present studies. Because animals had different weights and were actively growing, these doses were administered as g/kg⅐min to account for growth during the study period. After an initial stabilization period of 30 min, each dose of ANG II was infused in random order through the femoral venous catheter using a constant infusion pump (Harvard Apparatus, South Natick, MA, U.S.A.). Each dose was continuously infused for 334 7 min to achieve steady-state hemodynamic responses while continuously monitoring MAP and HR through an interpolated pressure transducer (model P23XL, Gould Corp., Cleveland, OH, U.S.A.), using the phasic signal to monitor HR, and FmBF with an electromagnetic flow meter (model 551, Carolina Medical). The signals were recorded on an eight-channel recorder (model RS 3800, Gould Corp.) and on the PONEMAH Data Acquisition System (Gould Corp.). The interval between infusions was at least 20 min, allowing all hemodynamic parameters to return to baseline values. FmVR was calculated from MAP divided by FmBF at given points in time (control or steady-state). Arterial blood samples (0.3 mL) were obtained for measurement of arterial blood gases before each infusion; hematocrit was measured before and at the end of each experiment. Samples were analyzed using a blood gas analyzer (model 113, Instrumentation Laboratory, Lexington, MA, U.S.A.) and Wintrobe capillary method for hematocrit. Animals were studied at 7-14 (period 1), 15-21 (period 2), and 22-35 (period 3) postnatal days to correlate responses with the transition in AT receptor subtype expression from AT 2 to AT 1 (18) .
Protocol 2. Local infusions.
To study the direct effects of ANG II on PVR independent of any systemic effects, e.g. changes in perfusion pressure or ANG II-mediated release of other agonists, we examined the effects of local intra-arterial ANG II infusions through the catheter implanted in the superficial saphenous artery. To more accurately compare the effects of systemic and local ANG II infusions, the femoral or hindlimb circulation must be exposed to similar drug concentrations. The estimated arterial plasma concentrations (ng/mL) achieved during constant systemic infusions were calculated from the systemic infusion rate (g/min) divided by the estimated cardiac output (mL/min) corrected for postnatal age for each animal as determined from observations reported by Woods et al. (2) . The local ANG II infusion rate (ng/min) was then determined from the product of the calculated estimated arterial plasma concentration (ng/mL) desired times FmBF (mL/min) measured with the flowmeter. Because of changes in postnatal weight and cardiac output that occurred during the study period, a broad range of ANG II arterial concentrations were studied. Each animal received four intra-arterial doses of ANG II that were randomly infused. Studies for local ANG II infusions were performed on the same day or within 24 h of systemic doses to minimize potential developmental changes within each animal. This study was approved by the Institutional Review Board for Animal Research at the University of Texas Southwestern Medical Center at Dallas.
Data analysis. Responses were analyzed as the absolute and relative changes using values obtained immediately before each dose of ANG II and at 5-7 min during the steady-state response to continuous ANG II infusions. To make comparisons between hemodynamic parameters with different units, e.g. MAP and FmBF, and across postnatal age, data are presented as the percent change (%⌬) from baseline (32) . One-way ANOVA for repeated measures was used to analyze the changes in hemodynamic parameters across postnatal age, i.e. between study periods and across doses at each study period. When significance (p Ͻ 0.05) was observed, NewmanKeuls multiple comparisons was used to define differences between the periods and/or doses. A paired t test was used to measure changes from baseline. ANOVA for multiple comparisons was used to determine dose-response relationships, followed by Newman-Keuls to define differences at p Ͻ 0.05. Nonparametric analysis was used where appropriate. Regression analysis was also used to examine changes across doses. Data are presented as means Ϯ SEM. Reported differences are considered significant at p Ͻ 0.05.
RESULTS
Baseline parameters. The postnatal age, body weight, baseline cardiovascular measurements, arterial blood gases, and hematocrit obtained before each study of the systemic effects of ANG II are presented in Table 1 . All of the animals gained weight with increasing postnatal age, values increasing approximately 1.5-fold (p Ͻ 0.001) by period 3. Basal MAP rose approximately 7% whereas HR fell approximately 28% across the study periods (p Ͻ 0.001). FmBF gradually rose approximately 25% (p ϭ 0.008) and FmVR fell in a reciprocal manner. Arterial blood gases obtained before each dose of ANG II in all study periods remained within normal ranges for our laboratory. Although there were no differences in hematocrit before and at the end of each experiment (p Ͼ 0.1), values fell from 29.8% during the first study period to 24.8% during the third study period (p ϭ 0.008), likely reflecting the anticipated increase in plasma volume that occurs in the first postnatal month rather than blood loss due to sampling (33) . Baseline data obtained before the study of the effects of local intraarterial ANG II infusions did not differ significantly from that observed before the systemic infusions of ANG II (data not shown).
Responses to systemic ANG II infusions. Although there was a difference in baseline MAP and HR at the time of each study period (Table 1) , reflecting the increase in postnatal age, baseline values for MAP, HR, and FmBF within each study period and before each dose did not differ (ANOVA, p Ͼ 0.05). Figure 1 illustrates the simultaneous changes in MAP, HR, and FmBF during a continuous systemic ANG II infusion. Note that the rise in MAP reaches a steady-state response within 1 min of infusion and is associated with a fall in HR that also rapidly achieves a steady state. The dose responses for MAP, HR, FmBF, and calculated FmVR for each age group are presented in Table 2 . Inasmuch as there were significant agedependent changes in MAP and HR, analysis of the absolute values might miss important changes in the responses to ANG II. Therefore, the data were further analyzed using the relative change from baseline (%⌬), which takes into account the changes in baseline values and permits a comparison across ages and between hemodynamic parameters (32) . At each study period, systemic i.v. ANG II infusions increased MAP at all doses studied (p Ͻ 0.01), and this response was dose dependent (p Ͻ 0.001; Fig. 2A ). There were, however, no significant differences between the three study periods in the systemic pressor response with any ANG II dose investigated (ANOVA, p Ͼ 0.05). HR significantly decreased as the MAP increased at all doses (p Ͻ 0.05) and in all study periods, demonstrating an intact baroreceptor response (Fig. 2B) . As with MAP, this response was dose dependent (p Ͻ 0.001) and did not differ between study periods.
Baseline values for FmBF and FmVR before each ANG II dose did not differ within any study period. As with MAP and HR, the data are presented as the percent change to account for baseline changes in FmBF and FmVR that occurred with increasing age (Table 1) , thereby permitting a comparison between age groups. The absolute values are presented in Table 2 . In period 1, FmBF rose dose dependently (ANOVA, p Ͻ 0.001; Fig. 3A) ; but these increases were only significant with 0.19 and 0.38 g/kg·min, values rising 20 -25% from baseline. Although FmBF also rose during periods 2 and 3 in response to all doses of ANG II, this was not dose dependent and was not statistically significant except for 0.038 and 0.076 g/kg·min in period 3. In contrast to the relative changes in FmBF, the rise in FmVR in period 1 was not significant (Fig.  3B) . FmVR did increase dose dependently in periods 2 and 3 (ANOVA, p Ͻ 0.001); but there were no differences in the relative responses in the two periods (p Ͼ 0.05), values increasing approximately 10 -30% at the lowest and highest doses, respectively.
Inasmuch as blood flow to any vascular bed generally reflects the relative changes (%⌬) in perfusion pressure, i.e. MAP, and vascular resistance within that vascular bed (32), we compared the simultaneous relative changes in MAP, FmBF, and FmVR. This is necessary, inasmuch as each parameter has a different unit of measurement, which prevents their direct comparison. It also permits one to determine whether changes in FmBF are due to responses in MAP or FmVR (Fig. 4) . At 7-14 d postnatal (period 1), the %⌬ MAP always exceeded the %⌬ FmVR, and this was significant at 0.19 and 0.38 g/ kg·min, resulting in a significant increase in FmBF at both doses (Fig. 4A) . At 15-21 d (period 2), there was a significant dose-dependent rise in %⌬ MAP and %⌬ FmVR. Although the relative rise in MAP always exceeded the relative rise in FmVR, this difference was not significant; nonetheless, the %⌬ FmBF rose modestly at all doses of ANG II (Fig. 4B) . A similar pattern of responses occurred at 22-35 d (period 3); i.e. the %⌬ MAP exceeded or equaled the %⌬ FmVR and FmBF rose modestly (Fig. 4C) .
Responses to local intra-arterial ANG II infusions. Figure  5 approximately 2 min of infusion with a reciprocal, but minimum fall in HR; FmBF was unchanged. At lower rates of infusion and thus lower arterial concentrations of ANG II, there were no alterations in MAP or HR at any age studied.
Similar responses were observed in all study periods during intra-arterial ANG II infusions into the hindlimb. In contrast to that observed during systemic ANG II infusions, there were no 
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significant changes in FmBF in any animal studied during any study period (p Ͼ 0.1). Further, FmVR was unchanged (p Ͼ 0.1) except in period 1, at which time FmVR rose modestly and variably, but with only the highest doses studied and only after MAP was observed to rise. When MAP increased, this occurred approximately 2 min after starting the local intra-arterial infusion of ANG II compared with within 1 min during the i.v. or systemic infusion of the peptide (Fig. 1) . This delay in the rise in MAP during the local intra-arterial infusions suggests that ANG II had reached the systemic circulation. There were no changes in MAP during the other study periods (p Ͼ 0.1), and heart rate did not change (p Ͼ 0.1) in any period during intra-arterial ANG II infusions.
DISCUSSION
The mechanisms regulating fetal and neonatal blood pressure are complex and incompletely understood. In general, this is dependent upon a variety of maturational changes in vascular function and reactivity, which may include changes in VSM contractile protein expression, ion channel expression and function, endothelial function, and receptor expression. For example, VSM contractile protein expression is developmentally regulated and appears to modify vascular responses in fetal and newborn sheep (34) . Although the RAS is considered an important determinate of fetal and neonatal blood pressure through the effects of ANG II, AT receptor subtype expression in VSM from fetal and neonatal sheep also is developmentally regulated, and predominance of the adult AT 1 is not evident until Ͼ2 wk postnatal (18, 19, 35) . Thus, the mechanism(s) whereby ANG II regulates blood pressure before and after birth is unclear. In the present study, we observed that systemic ANG II infusions dose dependently increased MAP during the first month after birth, but vascular resistance in the hindlimb increased only modestly and FmBF rose or was unaffected. Moreover, we observed for the first time that, in contrast to adult sheep (12) , local intra-arterial ANG II infusions did not alter neonatal FmVR or MAP, suggesting that ANG II may have minimal direct effects on PVR in the first month after birth and that responses to systemic infusions may reflect secondary mediators. Thus, it is unclear how ANG II modulates MAP after birth.
Blood pressure increases after birth (1, 36 -40) , and this appears to occur in at least two stages. Immediately after birth there is an initial rise in MAP, which is in part related to the loss of the low-resistance placental vascular bed, closure of vascular shunts, and increased circulating levels of vasoconstrictors (1, 36, 37) . This is followed by a gradual rise in basal MAP, which is very likely due to entirely different mechanisms. In the present study, basal MAP 1 wk postnatal was almost twice that reported in fetal sheep (1, 7, 9, 31) , and values continued to rise until after the second week postnatal. This pattern is consistent with other studies in neonatal sheep (38, 39) and more recent data in preterm neonates (40) . This secondary rise in MAP is not well studied and could reflect several mechanisms, including decreases in circulating levels of fetally derived vasodilators, increases in PVR due to enhanced vascular reactivity or increased plasma levels of vasoconstrictors, and/or increases in cardiac output. Whereas removal of a prenatal circulating vasodilator such as placental estrogen is intriguing (41, 42) , this has not been studied. It also is unclear whether there are changes in production of local vasodilators such as prostacyclin (43) . If the rise in MAP is due to gradual increases in PVR (2, 44, 45) , one would expect an increase in peripheral vascular reactivity, sympathetic tone, and/or circulating levels of agents such as ANG II. However, existing data do not support any of these as occurring after birth (29, 38, 46) . For example, plasma ANG II falls in the human neonate as MAP rises, demonstrating an intact pressormediated negative feedback mechanism (46) . In the present study hindlimb vascular resistance decreased rather than increased with advancing postnatal age and FmBF rose, as one might anticipate in a growing neonate. It is possible the hindlimb is not representative of other peripheral vascular beds and thus does not accurately predict total PVR. If it is representative, one would expect MAP to fall with increasing age unless there were parallel increases in cardiac output, which are indeed reported (2, 44) . Inasmuch as HR also fell with advancing postnatal age, the present observations suggest that increases in cardiac output mediated through an increase in stroke volume may modulate the postnatal rise in MAP. As noted above, as basal MAP rose with increasing postnatal age there was a parallel fall in resting HR. This reciprocal relationship between MAP and HR generally suggests either a resetting of the baroreceptor response (4) or a change in parasympathetic activity, which is reported to increase after birth (38, 48) . Although the level of parasympathetic activity can alter neonatal HR, the balance with sympathetic or adrenergic activity is not related to postnatal age (38) . Therefore, the gradual fall in HR after birth is entirely due to increases in parasympathetic outflow. An alternate explanation is that the postnatal fall in HR is due to alterations in the intrinsic conducting mechanisms of the heart (47).
Consistent with previous observations (28 -30) , systemic ANG II infusions increased MAP dose-dependently throughout the study period; but the responses were not age-dependent. There also were parallel dose-dependent increases in FmVR, but, as with MAP, responses were unchanged with age. This suggests that vascular reactivity is unchanged during the study period, which is consistent with earlier reports (29, 38) , or that vascular sensitivity increases; however, potential increases in the clearance and/or distribution of ANG II in the first month postnatal may result in similar pressor responses at all ages. Thus, Wilson et al. (29) suggested that one had to use the plasma level of ANG II rather than the dose infused to evaluate age-dependent changes in newborn sheep, implying that ANG II clearance increases during the postnatal period and is agedependent. In fetal sheep ANG II clearance rate is 10-fold greater than the adult, Ϫ650 mL/min·kg versus 75 mL/min·kg, and is almost entirely due to placental clearance (49, 50) . Until this was reported, many concluded the ovine fetus was less responsive to ANG II than the adult. Thus, a fall in ANG II clearance is anticipated immediately after birth and possibly an increase in clearance thereafter. However, ANG II clearance has not been examined in the newborn and may provide one explanation for the lack of an age-dependent effect on MAP.
Although FmVR rose in association with the rise in MAP during systemic ANG II infusions, perfusion pressure always exceeded FmVR. Thus, the effects of ANG II on the hindlimb appear to be attenuated. This suggests that the rise in MAP may not be dependent solely on ANG II-mediated increases in PVR. The difference in peripheral and systemic responses to ANG II could be due to the predominance of AT 2 expression in hindlimb VSM before 2 wk postnatal (18, 19) . Alternatively, this could be due to the presence of a locally produced ANG II antagonist(s). This has been observed in the fetus and adult and includes vasodilating prostaglandins and nitric oxide, the synthesis of which can be augmented by ANG II through endothelial AT 1 receptors (35, 43, 51, 52) . The attenuation could also reflect the antagonizing effects of the VSM AT 2 receptor on AT 1 -mediated vasoconstriction (24, 53) . This becomes especially important after 2 wk postnatal when the AT 1 gradually replace AT 2 in VSM (18) . Another explanation for the difference (or lack of difference) in the responses in FmVR and MAP to systemic ANG II may be that increases in FmVR reflect myogenic responses secondary to the rise in perfusion pressure (27) and some degree of autoregulation in the hindlimb as recently observed in fetal sheep (26) . This would explain why FmBF did not fall despite modest increases in FmVR. It also would provide a mechanism, albeit indirect, whereby ANG II participates in regulating PVR and MAP.
Studies of the mechanisms responsible for the pressor responses to systemic ANG II infusions are complicated by potential effects of the peptide on the CNS, release of secondary mediators, and direct cardiac effects (4, 13-16). To address 
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this, we examined the effects of local intra-arterial ANG II infusions on FmBF and FmVR. To our surprise, local ANG II infusions did not evoke local vascular responses at any time in the first month postnatal. This observation is novel and contrasts sharply with that observed in adult pregnant and nonpregnant sheep (10) . As discussed earlier, this could be due to local or ANG II-stimulated synthesis of local antagonists, including prostacyclin and/or nitric oxide (35, 43, 51, 52) , the absence of AT 1 expression in the VSM, or the inhibiting effects of the AT 2 on AT 1 -mediated vasoconstriction (24, 53) . If AT 1 receptors are not present in VSM (18) , an alternative explanation for the effects of systemic ANG II must be sought. ANG II is also capable of mediating vasoconstriction through indirect mechanisms. For example, it increases the activity of the autonomic nervous system by stimulating sympatho-excitatory neurons (4, 14) , decreases re-uptake of norepinephrine by nerve endings (54), enhances epinephrine release by the adrenal medulla (15) , stimulates the release of vasopressin, a potent vasoconstrictor in newborn and adult sheep (14, 16) , and increases VSM synthesis and/or release of endothelin (55) . None of these have been examined in the newborn. Support for such a mechanism is obtained from our observation that high doses of locally infused ANG II caused a delayed rise in MAP, which was followed by a rise in FmVR, suggesting overflow of the peptide into the systemic circulation. In what may be an analogous situation, the adult uterine vascular bed predominantly expresses AT 2 in the VSM (21, 23) . It also demonstrates dose-dependent increases in vascular resistance during systemic ANG II infusions that are less than systemic responses (21, 32) . Furthermore, as seen in the neonatal hindlimb, it too is unresponsive to intra-arterial ANG II infusions until there is evidence that the peptide has spilled over into the systemic circulation (56) . More recently, we (57) observed that ␣-adrenergic blockade inhibits the uterine responses to systemic ANG II infusions. This has not been examined in newborn animals and may provide important insights into the mechanisms of ANG II-induced increases in MAP and FmVR after birth.
In the present study, we provided data suggesting that ANG II may have minimal direct effects on PVR, and that its effects on MAP may be mediated indirectly or through central mechanisms. We have demonstrated during the first month after birth that systemic ANG II infusions increase MAP dose dependently and are associated with modest increases in FmVR, which never exceed the relative rise in MAP, thereby maintaining FmBF. However, we have shown for the first time that local ANG II infusions do not affect FmVR or FmBF, possibly due to the predominance of AT 2 receptor expression in VSM of the hindlimb of neonatal sheep (18) , and that the changes in FmVR and possibly PVR during systemic ANG II infusions may be due to release of another mediator. Although other explanations are possible, use of the present animal model will permit us to address these questions because the hindlimb vascular bed can be isolated and studied independent of systemic responses and modifications in perfusion pressure.
